Abstract-The rate distortion optimization (RDO) enabled mode block), R(s, c, MODEIQP) is contributed by the number of decision (MD) is one ofthe most important techniques introduced by bits based on the MODE and QP. H.264/A VC. By adopting the exhaustive calculation of rate distortion, the optimal MD enhances the video encoding quality.
According to the correlation between macroblocks, the contents (temporal redundancy) extremely decreases the best mode for macroblock (x, y) should be one member of bitrate, which satisfies the limited storage capacity and the group A(x, y). Sufficient simulation results indicated that the transmission bandwidth. That is the main motivation of modes in A(x, y) are usually a small subset of entire modes. motion estimation (ME), which is also known as inter Fig. 3 and Fig. 4 are examples to show the number of prediction process. Furthermore, the correlation between candidate modes in A(x, y) for Foreman and Bridge-close two current macroblock and its neighbouring macroblocks attracts sequences in QCIF. A large amount of quiescent backgrounds the intra prediction to exploit the spatial redundancy within and the minor motions of objects are contained in Bridgethe same frame. The bitrate is therefore further decreased. close, the number of modes in each candidate group is According to the experiments, the correlation between therefore very small (mostly equaling to 1 or 2). This macroblocks within one frame and several adjacent frames characteristic is very obvious for video sequences with low can be exploited for improving MD. Fig. 1 gives an example motion or smooth background. Compared with the entire that illustrates the best macroblock modes used to encode two modes specified in the standard, the dynamic group, A(x y), is frames in the Highway QCIF video sequence. The frame1 is composed of less candidate macroblock modes. Using the previously encoded frame and used as the reference for modes in a dynamic group, the encoding time can be reduced frame2. In the example, the standard JM reference software significantly with negligible performance degradation in was used with full search ME scheme. The number in the terms of decreased PSNR and increased bitrate. figure indicates the adopted best mode. From the figure, it is clearly shown that the macroblocks in the frame2 (current B. AdjustmentISchemes frame) are highly correlated with their co-located or neighbouring macroblocks in the frame1 (reference frame).
In the previous subsection, a fast MD scheme was Based on the correlation, we defined a dynamic modes group discussed and analyzed by introducing a dynamic group A( y according to (3): containing the selected candidate modes. As stated before, a . An example for thresholdX2 correlation will become poor. Therefore, an updated dynamic group of modes is necessary. In order to achieve this, an small, the average PSNR value is relatively flat. Therefore, adaptive strategy is introduced to avoid the degradation of the window size is set to 5 frames. The average value of performance due to the improper modes in A(,y).
PSNR, X PSNRn, is defined in (4), and the change rate, Two adjustment schemes are suggested to optimize the d_PSNRn, is defined in (5), fast MD processing: namely, Fixed-Step adjustment and adaptive adjustment. For the Fixed-Step adjustment, the first nSNR Y+ +SNR -+--+SNR Y4 of every 30 frames (for frame-rate at 30fps) will be encoded 5 S 5 with all modes enabled, and that frame will be used as extra X PSNJ -X PSN 1 reference of modes for the following 29 frames.
An adaptive adjustment scheme, which can detect the sudden change occurrence in the video scene by monitoring the variation of bitrate, was introduced by authors in [7] . where SNR_Yn is the PSNR value of frame,. Similarly, a However, the bitrate would remain steady if the rate control decision of sudden change in the video stream could be made (RC) is enabled. In this case, the bitrate based adjustment if d_PSNRn exceeds threshold k2 for 5 continuous frames. could not work properly. Considering this restriction, a PSNR From the intensive simulations, 2 is best set as 0.300, which based adjustment has been proposed and added into the new is then used to effectively adjust the MD scheme. Fig. 5 gives fast MD algorithm. The details of two adaptive adjustment an example that shows the change of video contents occurred schemes are as follows:
at the 100th frame.
For bitrate based adjustment, the bitrate of the most recently encoded 30 frames (depending on the frame rate)
III. DETAILS OF PROPOSED FAST MD ALGORITHM will be recorded to form a moving window to monitor the undulation of bitrate. If the change rate of bitrate exceeds the Based on the analysis in the previous section, the proposed threshold ), (k1=30 o) for 5 consecutive frames (five fames fast MD algorithm is summarized here. The best modes can avoid the inaccurate adjustment according to the casual selected for the macroblocks in the most previously encoded change of video scenes) [7] , it indicates that sudden change frame(s) are recorded as the reference to create the dynamic could exist in the video stream and current MD scheme needs mode groups for current frame. Only the modes contained in to be re-evaluated. The PSNR based adjustment is similar to group A(x, y) will be considered, and the mode with minimum the bitrate based adjustment. Since the variation in PSNR is rate distortion is chosen as the most suitable candidate for current macroblock. Two adaptive adjustment methods are range was ±16 pixels, and RDO was enabled. Each video deployed to keep the encoding performance in case of a sequence was encoded following the pattern of IPPP. The sudden video scene change. The detailed algorithm is Full Search scheme was deployed in ME, and one frame was outlined as follows: used for ME reference. The experiments were performed on an Intel Pentium IV-2.6 GHz computer with 2 GB memory. Step 1. Encode the I-frame.
Two groups of video sequences were selected for the Step 2. Set a frame counter C, and C= 1.
experiments, and they consisted of QCIF and CIF sequences, Step 3. If RC is enabled, skip to Step 4. Otherwise, separately. The length of each sequence is 300 frames. In initialize a moving window to record the bitrates order to compare the performance, the evaluation of the of the most recently encoded 30 frames for bitrate proposed algorithm was focused on the changing rate of based adaptive adjustment.
encoding time, PSNR and bitrate: ATime(Oo), ZAPSNR(dB) Step 4. Initialize a moving window to record the PSNR and ABitrate(0o) as defined in (6), (7) and (8). values of the most recently encoded 5 frames for video quality based adaptive adjustment.
Time -Time
Step 5. If (C == 1), current frame is named as fo. All ATime T B A X100% (6) candidate modes are enabled, encodefo and record TimeA the best mode selected for each macroblock in a APSNR PSNR -PSNR (7) data table To as the reference modes. =
A
Step 6. Encode the coming frames:
Bitrate -BitrateA
Step 6.1. If current macroblock is on the first edge of ABitrate = B x100% (8) the frame, all candidate modes are contained BitrateA in group A(x, y) Skip to Step 6.4.
Step 6.2. Check the recorded modes of the co-located where subscript A is based on the JM1O.1 MD algorithm, and and first neighbouring macroblocks in fo and subscript B is based on the proposed MD algorithm. the previously encoded P-frame to generate a candidate mode group A(x, y).
A. Experiments on QCIF Video Sequences
Step 6.3. If current macroblock is not on the first edge and the second edge of frame, check the Eight video sequences were included in this section of recorded modes of the second neighbouring experiments: {bridge-far, bridge-close, foreman, carphone, macroblocks to update A(x, y).
Claire, coastguard, highway and mobile}. They were divided Step 6.4. Compare the rate distortion for each mode in into 3 categories according to characteristics of contents:
A(x,y) the mode leading to the minimum rate distance, background and motion. Bridge-far and Bridgedistortion is selected as the best mode, and it is close are two sequences in the first category. They contain recorded as the reference for the next frame. similar contents, but the distance between objects and Step 7. If current macroblock is not the last macroblock cameras is different. Foreman, carphone and Claire belong to of current frame, go back to Table 3 and Table 4 . From the experimental results, the encoding time can be reduced
In this section of experiments, there were eight sequences 25.360o on average, while the loss of PSNR is less than 0.10 dB, and the increase of bitrate is less than 1%. Fig. 7 illustrates the comparison of the proposed algorithm with standard JM10.1 in terms of PSNR vs. bitrate. Again, it shows that the encoded video quality in PSNR is very similar by using the proposed algorithm and the exhaustive MD algorithm. Furthermore, Table 5 shows the comparison results using our proposed fast MD algorithm to another fast MD algorithm by Grecos et al. [3] . It can be seen in most cases our algorithm outperforms their one in [3] under similar experimental environment.
V. CONCLUSION
In this paper, an efficient MD algorithm has been proposed. By exploiting the correlation of macroblocks in both temporal and spatial domains, the proposed algorithm can reduce the computational complexity significantly. Two adjustment schemes to minimize the loss of PSNR and the increase of bitrate were also introduced. The algorithm is relatively simple and efficient to implement. It is therefore very attractive to real-time and low power consumption applications.
